Drought and salt stress are two major environmental constraints that limit the productivity of agriculture crops worldwide. WRKY transcription factors are the plantspecific transcription factors that regulate several developmental events and stress responses in plants. The WRKY domain is defined by a 60-amino acid conserved sequence named WRKYGQK at N-terminal and a Zinc Finger-like motif at the Cterminal. WRKY genes are known to respond several stresses which may act as negative or positive regulators. The function of most of the WRKY transcription factors from non-model plants remains poorly understood. This investigation shows the expression levels of eight WRKY transcription factor genes from horsegram plant under drought and salt stress conditions. The increase in mRNA transcript levels of WRKY transcription factor genes was found to be high in drought stressed plants compared to salt-stressed plants. The levels of MDA which indicates the lipid peroxidation were less in drought stress. More ROS is produced in salt stress conditions compared to drought. The results show that the expression of WRKY transcription factors in drought stress conditions is reducing the adverse effect of stress on plants.
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Introduction
Plants in their natural environmental conditions are always subjected to various biotic and abiotic stresses. Abiotic stresses are the primary reason behind the decline of crop quality and yield worldwide [1] . Drought and salt stress are two major abiotic stresses that limit crop productivity. Excessive amounts of salts in the agriculture soil cause both osmotic and ionic stresses [2] . The rapid spread of drought and soil salinity in many regions worldwide may cause serious salt contamination in more than 50% of all arable lands by the year 2050 [3] . Transcription factors (TFs) play a vital role in stress response by regulating their expression in target gene through interaction with specific cis-acting elements present in the promoter of the gene [4] [5] . WRKY TFs are the largest superfamily of TFs specific to plants. They are classified into three groups based on the number of WRKY domains and nature of their zinc-finger motif. Group I contains two WRKY conserved domains and a classical Zinc finger motif. Group II contains single WRKY domain and a classical zinc finger motif. Group II is divided into five or more subgroups based on short conserved structural WRKYGQK motif. Group III protein of WRKY superfamily contains a single WRKY domain and a modified zinc finger motif C 2 -CH rather than classical C 2 -H 2 . Group II WRKY TFs containing WRKYGQK heptapeptide with Zinc finger CX4-5CX22-23HHX1H is the largest group in most of the plants [6] [7] .
A wide range of WRKY TFs has been identified from different plants 72 WRKYs from Arabidopsis and 96 from rice [7] and 52 WRKYs in papaya [8] have been identified. Most of the WRKYs are found to play a role in biotic stress response, some in abiotic stress and few WRKYs are known for their role in both biotic and abiotic stress response. During normal growth conditions, WRKY TFs regulate plant processes like senescence, trichome development [9] biosynthesis of secondary metabolites [6] and dormancy [10] . Many research groups have investigated the role of WRKY TFs in biotic and abiotic stress in various plants. Overexpression of WRKY33 a WRKY TF family protein, providing resistance to necrotrophic fungi species such as Botrytis cinerea and Alterneria brassicicola has been reported in Arabidopsis [11] . WRKY TFs like HvWRKY33 involving in cold and drought tolerance in barley [12] , oxidative stress response WRKY TF like FcWRKY40 from Fortunella crassifolia [13] , and ZmWRKY33 conferring tolerance to salt stress were reported in Arabidopsis [14] . 46 different WRKY TFs were identified from Brassica napus expressing during infection with fungal pathogens Sclerotinia sclerotiorum and Alternaria brassicae, and ABA, JA, SA and ET treatments [7] . However, the function of each WRKY in various stresses is poorly understood. It is important to get further insight and investigate the response of WRKY TFs under abiotic stress conditions.
Membrane damage is taken as a parameter to determine the lipid destruction of the membrane under various stress conditions. Lipids peroxidation is considered as the most desecrate process known to occur in every living organism. During lipid peroxidation, small hydrocarbon fragments namely Malondialdehyde (MDA) is formed from polyunsaturated precursors [15] . Lipid peroxidation takes place when Reactive oxygen species (ROS) levels are reached above-threshold, directly affecting normal cellular functioning and also aggravating the oxidative stress through the production of lipid-derived radicals [16] . Level of ROS is controlled by plant cells through detoxification of excess ROS during stress. To help in the detoxification of excess ROS, plants have evolved strong antioxidant defence mechanism [17] .
Horsegram belongs to the family Fabaceae and is comparatively a hardy drought tolerant crop which grows well under adverse conditions. The crop accounts for approximately 5% -10% of the India's pulses, with annual production of about 0.65 million tonnes. It is considerably used as dry fodder, cattle feed, cover crop and for water con- Due to the higher similarity in genome among pulse crops, comprehension of the underlying genetic mechanism of various stress related genes from this plant will be of significant advantage to transform these genes to other legume crops.
The present investigation had made an attempt to identify, the abiotic stress respon- 
Materials and Methods
Plant Material and Stress Treatments
Horsegram seeds were sown in pots containing mixed soil (soil: vermiculite in 3:1 ratio) and allowed to grow in a greenhouse under natural photoperiod and temperature conditions for 19 days. To impose salt stress 19 days, old plants were irrigated with 1% and 2 % NaCl solution. The electrical conductivity of the soil saturation extract was 4.0 mScm −2 and care was taken to avoid drainage of solution during the treatment by giving the water slightly less than field capacity; stress was maintained for four days. The electrical conductivity was monitored and adjusted using conductivity bridge (Elico, Hyderabad, India) on alternate days. For drought stress, the plants were withheld from irrigation until to reach 50% and 25% soil moisture level (SML) and maintained at the same level for three days by measuring SML regularly by following standardised gravimetric method. The samples from stressed and non-stressed plants were collected and flash frozen in liquid nitrogen. Each experiment was repeated at least three times.
Determination of Growth under Stress
After the stress treatments, plants were carefully uprooted from the soil, to avoid any breakage of lateral roots and washed thoroughly under running tap water. Plant growth was determined by measuring the root length, shoot length, and plant fresh weight.
Histochemical Localization of ROS
ROS are produced as a result of stress which leads to oxidative damage. 
Determination of MDA Content
The levels of lipid peroxidation were measured [19] by estimating the MDA content, which is a secondary product of polyunsaturated fatty acids and 2-thiobarbituric acid reactive substances. The MDA content was estimated using 2-thibarbutiric acid at 400, 532 and 600 nm [19] . Five hundred milligrams of leaf tissue was used for the extraction of MDA. One millilitre of the supernatant was mixed with 1 ml of 20% TCA containing 0.65% thiobarbituric acid in a clean glass tube, in another tube 1 ml of supernatant was treated with 1 ml of 20% TCA alone and mixed thoroughly. The mixtures were heated at 95˚C for 30 min and absorbance was recorded at 532 nm (MDA), 440 nm (carbohydrates) and 600 nm (phenylpropanoid pigments). The MDA content was determined by its molar extinction coefficient (155 mM −1 •cm −1 ) using the formula.
Isolation of RNA and cDNA Synthesis
Total RNA was isolated from the frozen leaf material using TRIzol reagent. RNA con- 
Quantitative Real-Time PCR Analysis
Eight WRKY TF genes were selected to study the expression levels under drought and salt stress conditions by the qRT-PCR analysis. For qRT-PCR assay gene, WRKY specific expression primers were designed using the Primer Express 5.0 software at annealing temperature of 56˚C -60˚C. Primer sequences used for the amplification were listed in Table 1 . qRT-PCR was performed using Applied biosystem power SYBR-green mix. The appearance of PCR products was monitored by detecting the increase in fluorescence caused by binding of SYBR green dye. The length of amplification fragment was about 150 bp. Each reaction was repeated at least three times. 
Data Analysis
All physiological and biochemical data were analysed using SPSS version 16.0. Data presented were calculated using One-way ANOVA and statistical analysis was carried out by using Post hoc multiple comparisons Duncan's test at a significance level of P < 0.05. 
Results
Effect of Stress on Plant Growth
Effect of stress is usually perceived as a decrease in photosynthesis and growth of the plant. Growth parameters were calculated for uprooted plants. In general, the overall growth of plant was decreased under both stress conditions. However, the inhibitory effect of salt stress was more on the growth of horsegram when compared to drought.
Further, more reduction in the growth of the plant was observed with increased levels of stress. The decrease in root growth was up to 44% in drought and 60% in salt stress.
Similarly, the shoot length was decreased up to 22% in drought and 48% under salt stress conditions (Figure 1 ). There was 37% reduction in the plant total biomass in drought stress conditions and up to 78% under salt stress conditions (Figure 2 ). The depletion of chlorophyll and leaf drying was also observed at 2% NaCl stress which leads to plant dying. Dying of leaves and eventually entire plant due to high salt concentration in plants was also reported [22] . 
Effect of Drought and Salt Stress on MDA Levels
MDA, the product of lipid peroxidation is often used as an indicator to check the extent of oxidative stress in plant [23] . The formation of ROS increases the levels of cellular lipid peroxidation, such increase in the production of ROS and peroxidation levels differ from species and severity of stress [24] . Total MDA content was estimated from the leaf tissue of control and stressed plants. The results suggest that the MDA content was significantly increased under both the stresses and an increase in the MDA content was observed proportional to the intensity of stress applied. However, the level of MDA is more in salt stress than in drought stress conditions (Figure 3 ). An increase in the MDA concentration under abiotic stress conditions like Pb stress was previously reported in groundnut plants by Nareshkumar et al. [25] .
Histochemical Detection of 2 O − and H2O2 in Leaves
In situ histochemical staining assay was employed to detect the accumulation of (Figure 4 ).
Expression Analysis of WRKY TFs under Drought and Salt Stresses
qRT-PCR analysis was conducted to check the expression levels of different WRKY TF genes under drought and salt stress conditions. The results showed the different levels of regulation in the WRKY genes under different abiotic stresses conditions. In drought stress conditions, the highest level of expression was observed in WRKY3 and WRKY 75 was found to be negatively regulated. There was an increase in the transcription levels of different genes from 1.2 fold in WRKY33 to 12 folds in WRKY3 under drought stress conditions at 25% SML. In salt stress, at 2% NaCl, the expression levels of genes were increased up to 6.1 folds in WRKY33. However, the negative regulation was also recorded in WRKY40 and WRKY53 genes whose transcription levels were downregulated by 0.63 fold in WRKY53 and 3.8 folds in WRKY40 genes ( Figure 5 ).
Discussion
Abiotic stresses are the major limiting factors that reduce the productivity of crop worldwide. In the present investigation, we are delineated representing the role of WRKY TF gene from horsegram under drought and salt stress conditions. WRKY TFs are the largest superfamily TF that is specific to plants. WRKY recognize and bind to specific TTGAC (C/T) W-box elements found in promoters of a large number of plant defence related genes [6] [27] [28] . The first WRKY cDNAs were cloned from sweet potato, wild oat, parsley and Arabidopsis, based on the ability to bind specifically to the DNA sequence motif TTGACCT, which is known as the W box [29] [30] [31] . Current information available is suggesting that a large number of WRKY TFs plays a pivotal role in pathogen-induced defence mechanism [32]- [34] . However, there are fewer reports on the involvement of WRKY TFs in drought and salt stress response. In earlier studies expression of six WRKY TFs under drought stress have been reported [8] in Carica papaya. AtWRKY57 conferring drought tolerance by elevated ABA levels was reported [35] . A group II WRKY TF named WRKY58 was characterized from maize enhancing the tolerance towards drought and salt stress [36] . There are reports that few WRKY genes can be induced by both biotic and abiotic stress conditions. Zheng et al. [11] have reported that AtWRKY33 is a multifunctional gene that involves both in biotic and abiotic stresses.
In this report, we studied eight WRKY TF genes from horsegram, under drought and salt stress. WRKY3 gene has shown the highest expression level with 12 folds increase in drought stress among eight genes selected. Strong VpWRKY3 transcription levels are detected under abiotic stress conditions like high and low temperature, NaCl and drought in transgenic tobacco lines [26] . So we speculate that WRKY3 genes might be involved in stress response and tolerance under drought. All eight WRKY TFs studied are up-regulated in drought stress except the WRKY75 whose mRNA transcript levels are found to be down-regulated by one fold. In salt stress conditions the expression of WRKY33 is more with 6.1 folds increase in the mRNA transcript levels and two genes WRKY 40 and WRKY 53 were found to be down-regulated. In earlier reports, the overexpression of DgWRKY1 from chrysanthemum has shown better tolerance to salt stress in transgenic tobacco plants [37] .
The stress leads to trigger some of the key enzymes of antioxidant defence system. To resist oxidative damage in plants the antioxidant enzymes and certain metabolites; play a vital role leading to adaptation and the ultimate survival under stress [38] . In the present study, we speculate that the expression of WRKY TFs in turn regulating the expression of other stress related antioxidative genes under drought stress conditions. The expression of antioxidative enzymes enhances the scavenging activity in plants and reduces the ROS produced under stress. The low levels of MDA in drought stress conditions also represent the less lipid peroxidation and membrane damage. The overexpression of TaWRKY10 has been reported earlier to enhance the expression level of stress related antioxidant enzyme like SOD, CAT, and GPX in transgenic tobacco plant. The expression of FcWRKY40 altering the expression levels of two ROS scavenging genes like SOD and POD were reported previously [13] . Our results suggest that the upregulation of WRKY TF genes contributes to plant defence under drought and salt stress conditions. But the genes we studied are upregulated well in drought stress conditions than in salt stress conditions.
Conclusion
Based on the result obtained from this study we speculate that horsegram WRKY TF genes are promising to stress responsible gene for modulation and enhancement of abiotic stress tolerance in sensitive crops. In this study, an attempt was made to identify the abiotic stress responsive WRKY TF genes from horsegram plant under various abiotic stress conditions. Furthermore, studies will be carried out to develop abiotic stress tolerant transgenic crops by genetic manipulation of WRKY TF genes and assess the function of these genes in abiotic stress tolerance.
